INTRODUCTION
============

Epidemiology is defined as the study of the patterns, causes, and effects of health and disease conditions in defined populations.[@B1] Dental epidemiology provides information on normal biological processes and diseases of the oral and maxillofacial regions, and it aids in the establishment of oral health policies and evidence-based practice, education of professionals, and comparison of information among different populations or within a single population at different time points.

The demand for orthodontic treatment changes with changing trends in esthetic demands, socioeconomic factors, and social recognition of orthodontic treatment.[@B2][@B3] Recently, the distribution of knowledge through the internet and mass media, an increase in the number of dental professionals, and rapid advances in orthodontic techniques have been accelerating this trend. Therefore, periodic epidemiologic studies on the classification and distribution of orthodontic patients are warranted to accommodate these continuously changing orthodontic demands.

Epidemiologic studies may be performed to analyze the general population or groups of orthodontic patients. Data for the general population differ significantly from data for orthodontic patient populations because of different orthodontic needs. Moreover, epidemiologic data are applicable only when they are derived from the same population of orthodontic patients, because epidemiologic factors differ among racial and ethnic groups. Several studies on Korean orthodontic patient populations have been conducted;[@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16] however, the last study of a large population was published in 2009,[@B16] and those data require to be updated as per the current trends. Investigation of changing trends in orthodontic demands by a comparison of new data with those obtained from previous studies is also worthwhile.

From the above perspectives, we conducted this study to investigate the classification and distribution of orthodontic patients who visited the Department of Orthodontics at Yonsei Dental Hospital over a 5-year period (2008--2012).

MATERIALS AND METHODS
=====================

This study was approved by the Institutional Review Board of Yonsei Dental Hospital (2-2015-0022). We audited all records of 15,551 patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 to 2012. Of these, 7,476 patients who received an orthodontic diagnosis and for whom high-quality panoramic radiographs and lateral cephalograms were available were included in this study, regardless of whether they received orthodontic treatment. Frontal cephalograms were obtained for 3,798 patients because of facial asymmetry noted during clinical examination. [Figure 1](#F1){ref-type="fig"} shows a flowchart depicting the process of patient inclusion.

The following information that was not related to treatment was collected from the patients\' records, diagnostic casts, and lateral and frontal cephalograms: sex; age; Angle\'s classification obtained from diagnostic casts; the A point-nasion-B point (ANB) angle obtained from lateral cephalograms; the presence of facial asymmetry, defined as a menton deviation of \> 4 mm on frontal cephalograms;[@B17] and the presence of temporomandibular joint disorders (TMDs), defined as the presence of pain, limited mouth opening, and/or an audible sound heard on joint movement.[@B18] Treatment-related information, including details of extractions in patients who did not undergo surgical procedures and details of orthognathic surgeries, was obtained from the records of 4,861 patients for whom orthodontic treatment was initiated.

The patients were divided into subgroups according to their age, ANB angle, and extraction site. A total of five age groups were defined as follows: Group 1, including patients aged \< 7 years (primary dentition); Group 2, aged 7−12 years (mixed dentition); Group 3, aged 13−18 years (permanent dentition); Group 4, aged 19−39 years (young adults); and Group 5, aged ≥ 40 years (middle-aged adults). The degree of skeletal malocclusion was classified into three groups as follows: skeletal Class I (ANB angle within the mean ± 1 standard deviation \[SD\] for an age-matched population), skeletal Class II (ANB angle higher than the mean + 1 SD for an age-matched population), and skeletal Class III (ANB angle smaller than the mean − 1 SD for an age-matched population).[@B19] Patients who did not undergo surgical procedures were divided into six groups on the basis of their extraction sites: Group A, maxillary and mandibular first premolars; Group B (four premolars other than the first four); Group C, maxillary premolars; Group D, mandibular premolars; Group E, maxillary second molars; and Group F, teeth other than those extracted in Groups A to E. Extraction of the third molar was considered a nonextraction treatment, regardless of the purpose of extraction.

Statistical analysis
--------------------

Chi-square tests were performed to analyze any interactions between the following factors: (1) year (2008 to 2012) versus sex, age, Angle\'s classification, and the degree of skeletal malocclusion with regard to the frequency of patients; (2) age versus the degree of skeletal malocclusion with regard to the frequency of TMDs; (3) year (2008 to 2012) versus the degree of skeletal malocclusion with regard to the frequency of orthognathic surgery and extraction; and (4) extraction site versus the degree of skeletal malocclusion with regard to the frequency of patients. Linear-by-linear associations were calculated to detect any linear relationships between groups. In addition, chi-square tests were used to investigate the homogeneity of the following variables: (1) frequency of patients from 2008 through 2012 in the different age groups (Groups 1 to 5), Angle\'s classification groups, and skeletal malocclusion groups; (2) proportion of patients with facial asymmetry in the skeletal malocclusion groups; (3) frequency of TMDs in the different age groups and skeletal malocclusion groups; (4) surgery and extraction rates from 2008 through 2012 and in the skeletal malocclusion groups; and (5) frequency of patients in the six extraction site groups (Groups A to F). Statistical analyses were performed at a 5% significance level using IBM SPSS Statistics for Windows, version 20.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

The number of visiting patients fluctuated significantly during the investigation period (*p* \< 0.001), increasing from 2008 to 2010 and decreasing thereafter. The proportion of male and female patients was approximately 40% and 60%, respectively, showing slight changes from 2008 through 2012 (*p* \> 0.05; [Table 1](#T1){ref-type="table"}).

With regard to age, Group 4 comprised the maximum patients (47.5%), followed by Group 2 (24.1%) and Group 3 (23.1%; *p* \< 0.001). Interestingly, the number of middle-aged patients (Group 5) gradually increased with time, while the proportion of children and adolescents (Groups 1 to 3) gradually decreased. Chi-square tests revealed a significant change in the distribution of patients in the different age groups (*p* \< 0.001), and there was a significant linear trend in this change from 2008 through 2012 (*p* \< 0.001; [Table 2](#T2){ref-type="table"}).

With regard to the types of malocclusion, statistically significant changes in the frequency of patients (*p* = 0.014) and linear trends (*p* = 0.001) were observed in Angle\'s classification ([Table 3](#T3){ref-type="table"}), but not in skeletal malocclusion classification (*p* \> 0.05; [Table 4](#T4){ref-type="table"}). The proportion of patients with Angle\'s Class I malocclusion was lower (27.7%) than that of patients with Angle\'s Class II (division 1 and 2) and Class III malocclusions (36.2% and 36.1%, respectively); these values gradually decreased from 2008 through 2012 ([Table 3](#T3){ref-type="table"}). With regard to skeletal malocclusion, similar numbers of patients exhibited Class I and Class II, with skeletal Class III being the least frequent (31.4%; *p* = 0.002). The prevalence of facial asymmetry differed among the different degrees of skeletal malocclusion (*p* \< 0.001), being the highest in patients with skeletal Class III malocclusion, followed by those with skeletal Class I and Class II malocclusions ([Table 4](#T4){ref-type="table"}).

The prevalence of TMDs was calculated for 7,116 patients who received clinical examinations for the same. The prevalence differed among the five age groups (*p* \< 0.001) and skeletal malocclusion groups (*p* \< 0.001). A gradual increase was noted from Groups 1 to 4, with the highest prevalence in young adults (37.4%) and a decrease in Group 5. Patients with Class II skeletal malocclusion showed the highest prevalence of TMDs ([Table 5](#T5){ref-type="table"}).

Among the 7,476 patients who received an orthodontic diagnosis, orthodontic treatment was initiated for 4,861. The total proportion of patients who received orthognathic surgery was 18.5%, with an increase from 2008 to 2009 and a decrease from 2009 through 2012 (*p* \< 0.001). Approximately 70% surgical patients exhibited skeletal Class III malocclusion ([Table 6](#T6){ref-type="table"}). For nonsurgical patients, the average overall extraction rate was 35.4%; this rate increased from 2008 to 2010 and decreased thereafter (*p* \< 0.001). The extraction rate differed according to skeletal malocclusion classification (*p* \< 0.001), being the highest in patients with skeletal Class II malocclusion (47.6%), followed by those with skeletal Class I (33.5%) and Class III (16.0%) malocclusions ([Table 7](#T7){ref-type="table"}). The extraction site also differed among the skeletal malocclusion groups (*p* \< 0.001), with the maxillary and mandibular first premolars being the most commonly extracted teeth in all skeletal malocclusion groups. The second most commonly extracted teeth were the maxillary and mandibular second premolars in patients with skeletal Class I and Class III malocclusions and the maxillary premolars in patients with skeletal Class II malocclusion. The proportion of patients who underwent mandibular premolar extractions was higher in the skeletal Class III group than in the other two skeletal malocclusion groups ([Table 8](#T8){ref-type="table"}).

DISCUSSION
==========

The characteristics of orthodontic patients gradually change over time, warranting periodic epidemiologic studies. In this study, we investigated the classification and distribution of orthodontic patients who visited Yonsei Dental Hospital over a 5-year period from 2008 through 2012, providing sufficient data for comparison with previously published data.

The annual number of patients visiting the study hospital gradually increased from 2008 to 2010 and decreased thereafter. This finding is in contrast to that of previous studies that showed a continuous increase in the number of patients over time.[@B4][@B6][@B8][@B10][@B11][@B12][@B13][@B15] The decrease in patient numbers from 2010 through 2012 was probably due to the redistribution of orthodontic patients to local clinics, considering the recent increase in the number of orthodontic specialists and general dentists treating orthodontic patients, rather than a decrease in orthodontic treatment demand.

The number of female patients was approximately 1.5 times the number of male patients in the present study. This ratio is similar to those reported in previous studies (1.4--1.9:1),[@B4][@B6][@B10][@B11][@B12][@B13][@B15] indicating that women are more interested in esthetics compared with men and consequently seek orthodontic treatment more frequently. This sex difference was more apparent in patients over 18 years of age, a group with a female:male ratio of 1.8:1 (data not shown).

While the number of adult patients (Groups 4 and 5) gradually increased over time, the number of children and adolescents (Groups 1 to 3) gradually decreased. The number of patients in Group 5 nearly doubled from 2008 through 2012. These results are in accordance with those of previous studies[@B12][@B14][@B16] and are partly due to the aging of the population. However, the increasing age of orthodontic patients far outpaced the age of the general population; this may be attributed to changes in public opinions regarding orthodontic treatment for older patients, the recent introduction of esthetic appliances, and advances in orthodontic techniques that may decrease discomfort and adverse effects during treatment.

With regard to Angle\'s classification, the proportion of patients with Class I malocclusion gradually decreased during the investigation period. Yu et al.[@B12] reported that the proportion of patients with Class I malocclusion was 33.3% in 1999, indicating a gradual decrease over time. One possible explanation for this finding is that patients with Class I malocclusion, which is considered relatively easy to treat, were treated at local clinics instead of the hospital. Our results were slightly different when skeletal malocclusion was considered, probably because only the ANB angle was used to classify the degree of skeletal malocclusion or because of the discrepancy between the sagittal skeletal relationship and occlusion.

In this study, facial asymmetry was observed in 11.0% patients, which was comparable with the values reported in previous studies where the prevalence of facial asymmetry in orthodontic patient populations ranged from 4.0−23%.[@B10][@B14][@B20] This was probably because of different definitions of facial asymmetry in different studies. One consistent finding is that facial asymmetry is most frequently found in patients with skeletal Class III malocclusion,[@B17][@B20][@B21][@B22] as observed in the present study. The reason for this finding may be that asymmetric mandibular growth occurs more readily in patients with mandibular prognathism.[@B22]

TMDs were observed in approximately one-fourth of the patients in our study; this was higher than the 4.6% reported by Baik et al.[@B10] This difference is caused by different definitions of TMDs. In our study, TMDs were defined as the presence of one or more of the following symptoms: pain, limited mouth opening, and the presence of a sound on joint movement. Baik et al.[@B10] defined TMDs as the presence of two or more of these symptoms. In our study, the prevalence of TMDs gradually increased up to middle age, following which it decreased. These findings indicate that TMD is a self-limiting disease.[@B23]

The orthognathic surgery rate in our study was 18.5%, which appeared to be higher than those reported in previous studies.[@B10][@B13][@B15][@B16][@B24] This difference results partially from the fact that our surgery rate was calculated using the number of patients who began orthodontic treatment, whereas in some previous studies, the rate was calculated using the total number of patients. Patients with skeletal Class III malocclusion comprised 70% of the total number of surgical patients, indicating that mandibular prognathism is considered socially unacceptable.

The extraction rate in this study was 35.4%. It is difficult to compare this result with those of previous studies because the extraction rate can vary greatly according to the clinician\'s philosophy, the patient\'s preference, and social perceptions of an esthetic facial appearance. A more interesting finding was that the extraction rate was the highest for patients with skeletal Class II malocclusion and the lowest for patients with skeletal Class III malocclusion. This was probably because lip protrusion, a major determining factor for extraction, is dependent on protrusion of the nose and chin. Skeletal Class II patients usually exhibit a retruded chin, which accentuates lip protrusion, while skeletal Class III patients exhibited a protruded chin, which decreases lip protrusion. As expected, the maxillary and mandibular first premolars were the most frequently extracted teeth, as expected. Notably, extraction of only the maxillary premolars and mandibular premolars was more frequent in patients with skeletal Class II and Class III malocclusions, respectively.

This study has several limitations. First, only the ANB angle was used to classify the skeletal malocclusion. The ANB angle is one of the most commonly used measurements for the sagittal skeletal relationship; however, it is considerably affected by the sagittal and vertical positions of the nasion.[@B25] Future studies may compensate for this drawback by incorporating other measurements such as the Wits appraisal and the anteroposterior dysplasia indicator. Second, because the study period spanned only 5 years, the study does not reveal long-term trends. Because of this limitation, we focused on comparing the results of this study with those of previous studies. Finally, this study included the records of orthodontic patients at only one dental hospital; therefore, the results may not represent an entire orthodontic patient population. Large-scale studies of patients at multiple clinics should be conducted in the future.

CONCLUSION
==========

In this study, we analyzed the records of 7,476 orthodontic patients who visited Yonsei Dental Hospital from 2008 through 2012. The most noticeable changes included a decrease in the number of patients after the year 2010, an increase in the average age of orthodontic patients, and a decrease in the frequency of Angle\'s Class I malocclusion. These results will aid clinicians in monitoring the changing demands of orthodontic patients.
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![Patient inclusion flowchart.\
TMD, Temporomandibular joint disorder.\
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###### The number of patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

###### Age of patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

Group 1, \< 7 years; Group 2, 7 to 12 years; Group 3, 13 to 18 years; Group 4, 19 to 39 years; Group 5, ≥ 40 years.

###### Angle\'s classification for patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

###### Skeletal malocclusion and presence of facial asymmetry among patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

###### Temporomandibular joint disorders (TMDs) in patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

Group 1, \< 7 years; Group 2, 7 to 12 years; Group 3, 13 to 18 years; Group 4, 19 to 39 years; Group 5, ≥ 40 years.

^\*^Number of patients who underwent TMD examinations.

###### Orthognathic surgery rate for patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

^\*^Number of patients who initiated orthodontic treatment.

###### Extraction rate for patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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^\*^Number of patients who underwent extractions; ^†^number of patients who initiated nonsurgical treatment; ^‡^extraction rate for nonsurgical patients with skeletal Class I, II, or III malocclusion; ^§^overall extraction rate for nonsurgical patients.

###### Extraction sites for patients who visited the Department of Orthodontics at Yonsei Dental Hospital from 2008 through 2012
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Values are presented as number (%).

Group A, maxillary and mandibular first premolars; Group B, four premolars other than the first four; Group C, maxillary premolars only; Group D, mandibular premolars only; Group E, maxillary second molars; Group F, teeth other than those extracted in Groups A to E.
